Searching PAJ 



1/1 v 



PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 1 1-313257 

(43)Date of publication of application : 09.1 1 .1 999 



(51)Int.CI. 



H04N 5/335 
H01L 27/146 



(21 Application number : 10-120251 
(22)Date of filing : 30.04.1 998 



(71) Applicant 

(72) Inventor : 



MINOLTA CO LTD 
NAKAMURA SATOYUKI 
TAKADA KEN JI 
HAGIWARA YOSHIO 
MIYATAKE SHIGEHIRO 



(54) SOLID-STATE IMAGE PICKUP DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solid-state image pickup device 
excellent in S/N and wide in dynamic range and capable of obtaining a high pixel 
output. 

SOLUTION: This device is configured by arranging pixels in a matrix. In this 
case, each pixel of the device is made up of a photoelectric conversion 
photoelectric diode PD, a MOS trans istoKTR) T1 that converts its output 
current into a logarithmically transformed voltage, a MOS TR T2 whose gate 
receives the logarithmically transformed voltage, a capacitor C whose one-side 
terminal connects to a source of the MOS TR T2 to receive an output current 
from the source and whose other terminal connects to a DC voltage line Vss, a 
MOS TR T3 that amplifies an output of the capacitor C, and a guide path 
through which the amplified signal is led to an output signal line. 
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immm i ] mm*-? v u ^tttcebTfc-s— &te© 

ifrStSlKf^T, &HjfH#trF©*>©£#trc£: 
t5«ifet> tglttifc^mfighfiiiJSPmii: 

* * > \*s * © ttmu £ n % ummm t & w-r -a Jt« 

4 ] *igBAft^®ffcft#£iii*» J: »> '>&v^ 
£ Z. *nmt-? i.f»5RiH3 £gBttcDBttS&£B. 

5 ] iiuf3»t±ie&fciu mJKtffliffl b ^ > * © 

m 2 ms c £ tir v c t &<&m. t -r s mmm 3 x 

[W*IS7] mil3ii*Sfflb^>^^^*sn^-v>^;UM 

1 SSCattnsnsgttBEft^ fuiBffitnlffl h v >yx 
^©*2«ffit«l|«$n*ia«E«£EJ:t)«WfiffiT»*4 

ztz&mt-tz mmm 6 c ABttcD s&«B£b. 

z t torn*. -rzmmm 6 \zmm<Dm^mmm.o 
mm 1 ~m&m8(D^?tiMzim<Dmimm.%iUo 

im&mi 0] iaE* + ^5/*©tiWjS*tB-r4IHIic:* 

©«7>*ff a fg 2 ©* * / v> * £ £ ?> tcfig*. S c i: 

att sit mm 1 ~» 9 ©^-r^*{ciB«o@<*« 

BSEB. 
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©^ffSHSrlHl-tC LfcC fc^^fc-rsif^ 1 5UZ 

mmm 2 {cib«©h^«^Mo 

10 MOSh7>^^L 

-JSA s ^2MOS h7>i?^^©^2«1?i{z^$nfte 
JS^iSgitSJEtJSM^nHulB^* h^-Y^-KT-^b 

20 Bul3^v^^>^cDHui3-JStc^i«3iAJ^^n^2S 
Si^ia^SJEtcaM^nTV-" S i: fc 4, \zf- Y t>J -fe >y 
h fa ^ ^ A ^ ti fc i: S O N b T SufB ^ ^> * * «}J8 

§3MOS hv>^^^©^2Sfig{C^l*®#^^ 

u^mm^tirzm^m^mcDm 5 mo s h^>^^^ 0 
c»*a 1 3 1 mm*-? v u ^^«tc@2bT^s-*7t; 

©HftaMfcRBC^v^T, S-il^AsWT©*)©^^*^ 
30 Kh, 

Mi37^ h^^l— KC-^oft^tc^lttlii:^-^ 
MOSh7>^^t 

7X Uvisa )l YiHMretoft-r Z % 2MOSh7>^ 

40 MOS h7>^^^Lt: 'J-fe^ h?Jl5W'>^ 

»tEC««*nTt|iSk bT«J#-ri.^3 MO S h 
f ltt^3MOS h^>^^^©^2»@Kl^^ 

[R^ei 4] Wil£^h'J*;*#CiabT&3z:&x; 

©a{*«^B^**^-r, ^ib^^t©*©*?)^^ 

50 TVM,^i:^^t:-rsS<*«^B : 7* b#J*- 
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ft, 

MOS b5>^^i:, 

-Jg#£l2MOS hv>^X^©^2S@{Cg?^^nffe 
^#tt^«E£&^£ftiiiJgB:7;*- VP**- KT-3B£b 

fc ^m^r t as^s < m ^ *mfrr s * + ;i > * t , 

««£Efc«tt3ftTtt«8fcLTiWrrs*3MOS h 

HUbB* V W> * ©— iaiCSfi 1 Sfii*sg&K;* fttf? 2 

^3 mos h^>vx*(Dm2mmicm lmm&mmz 
*Kai«arnfc«s*ttii/ffl©JB5Mo.s h^>s>;**. 

[11^1115] IM7b'J^^CELt«:5r^ 

mos b^>iS7#k, 

i: t i> izm i «a#itaE«Ecsa«**i-y- 77 u^^a 

;i/Wfifft5i2MOS h7>?^*i:, 

SB liltfS2MOS h7>^^ffli2ilCjgi$ 

M-ht^-f y^>^@ffi#ffl!)n;*;h,-SSB6MOS h 

— Jg#g§6MOS h^>iSX*(Dm2WMlZt&ffi2tim 

buIB^t-w^*©-^^- b #&tiiSftft 1 
^m£E£«M2ftTit*Ii§i:LTl&fl^££S3MOS b 

huib* + / ^> * cd t ^ i WM&&ffi z nm 2 * 

S #ie»E«EfcS**ftT ^ £ 1 1 * b lev -b y 
S3MOS b 7 > i'Ci 2 fgCf 1 

nm 2 m^ft ^ts^^n-y- bmm&fimtR 

*"?>J6£»3, S6MOS h^>$>;**£OF F UTbu§B* 
J?ftfcttm;:»-3<{f^&lfl3MOS h7>^^f« 

So 
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[WsJcJS 1 6 3 mm* v h 'J ^^ttt|BLtft§-*7c 
©Httit&SBtci^T, #BiiK#x 

BUHB7* b*^ tf- K©-;S©*licSSlS88i:<F- h 

MOS b^>i^*i:> 

1 ®gg(C ^ D >v * As^iin £ nit 77 \/ vis 3 )\s Ymmr- 
i#«^2MOS b?>V7*k, 
10 -i|si#g§ 1^-T ^Sr^LTs^MO S Y^>V7^(D 

**Efc*tt£ftT*«Si:LT»fM-4»3MOS h 

20 *a|2MOS h7>^^^CDm7jSgS^«J&LTM^- 
©«#SfT&W |U-f^OFFLfetti-Ci2 
-X-T y^£ONLTiiui33r-W^>*©<i^£t&3MO S 

mi7J 'yf^ONttiCUTi2MOS 
ffl^l«HtEPin^n€.HulB^D^^©'J-tr^ hsmas 

rsicm2Mosh^>^7^tmi7-< *?-*mi,xm 

l 7 ] iB^^v b ■; ^^«CELt*sr»:5t 

HutB^^t- yvj*- Y<D-n<Dmmi£miw,uk>f-b 

MMifitgffi.tfti-V-77 u »y ^> a;i/ Kf^t-ifftSl 1 
MOS b^>^^^t;> 

KtfSBlMOS h^>^X^©^-htgE^^n^ 
1 WMlZ truv? ifiWia^tlV- 77 Yffi$TC 
»fft5^2MOS h7>V7#k, 
-mifi^l74 5/f^Uti2MO S h5>>i/7*(D 

WLm&izmMztiTmmmk^TMftTzmsMos h 
lcmmztif-bizv-ty brnmpxtiztizmiMo 

S b^>^7^ii, 

-W3mos b^>^7^(om2mM^m.^tim 
mifimMs^m^mm^titzm2 7-( ^^-t, 

50 A i e>fiK^)^ ^l^'f f^SrOFF LTHlII3^r-V^V>^CD 
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«^£t(£3Mos b^yv72x-mmvxm*>m^u^ 

8^tBb-tv>-5i:t{Cig2MOS h^>^^^co^2* 

m<d?u vwv-tv b mmmrsKiffi^m 2 mo s b? 

^©{g^©*7}£IB$&£-ti\ HutB^ri'^^^Cfi^CK 
^ttSUiS^T^tcm 1 y^ON^-tfTBUfepnghlr 

©Bflw«fcs«fc*^T* smmw. 

miH37 * hy-r^-- K©--#©«&scgi immty- b 
nmifimm^nv-y^ v * > 3^ pwHTftwrrsft 1 

MOS h^V^^i:, 

-js#si2mos b7>vx*(Dm2mMicmm£ti{fc 
-js#if§ 1 *+^>*©-« fcttassfifcis 1 

MS l*-f y^©{fe*fc-«j^l«Sft^#i6»E«Efc 

m 2**/n/*(Dmm-m£y- b&mmznm 1 «s 
ifimmms.tcmm^nxmm^ii bTawrrsss 3 mo 

& 2 * +■ / ^> 9 (D-miz m 1 mm&mm s 2 a® # 

i4MOS h7>^i»t, 

ttil/r^«fc*fcJB 1 *-wv>*'?*©SH5'feBB*&U 
itlJ§3^<frffibJ&T&> i4M0Sh7>-> , 7i'feONU 

N LTSB 1 *-wv>*©«»**2 * ■* Hi/ 9 -^tiz&t 
4fc4:*iKSB2*+^->*©*5-felfifT"r*c:fcfe«M» 

Htji37* by**- b'<D-j3<Dmmizmimmi:?- b 

MOS h7>^k, 

1MOS h5>S?^*©y-hK:Saa!*ii* 

1 BSIlC ^ D y * *s $}1)U 2 ttV 77 Wis Bibb' fflMT- 
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if^t5I2MOS 

2 m o s h =? > *J7 * ©$ 2 nmtz&mztub 

-m&m 1 *-w^>*©-sg£&;fi;**ifesg 1 74 v?- 

mi 7-i v^-cflMHC— «HA«»«SiiflhilB/)*ia««JBEt: 

jftusftfcSB 2 

sg 2 *-w^*©— sat**- h ftqs&sn% i mm&m. 

•5 

-ig#!£3MOS h^>S>;**©*2«SfcSSft3ftflb 
ffl#a;to©^C»tt3;h.fc»2;*-f y^fc, 

y^SONbT*2* + ^*£te»-j-4£i:T?SBl * 

-W^>*©'J-fe <;/ h£*T&V\ &V>T?s& <y^£0 
F F bTSB2*-WV>*©gftjc*-3<{t^&ft 3MO 
S b-5>^^^T-ii*lbTBuf3m7jff^^*mbT 
V £ &c IfS 1 ^p-w^-i 7 "?r&©fl(:5)"S:fT& "5 Cl. £4^f 

20 mt.-nwnmmkm.o 

7*bf-<*-b'£, 
MOS b?>i?7# 

y-htfSSlMOS h5>^^©y-bfc»IK3f*iSI5 
1 liC # D y * A^JD;* tltf U v ~> 3 ;i/ HfflJ^T- 

awrrs»2Mos h7>^^t, 

30 — «S*s^2M0S h7>^^©^2Sfiit^*nftb 
-3$#3f§ 1 *+^*©-«fc»tt£*ifcSB l7-fs»?- 

£u 

JRl** v^©fl^fc-«#»ISSft^**liflK«Efc 

m 2 *+/i*,9<D-m£?- bwmmznm 1 mm&m 

«E«£ES:Sfl*snT*«8i:bTiM^-rs»3M0S h 
40 JB2*-*-^S/^©-JBK:MSlflM* s «M»*nJB2««3&* 
I4MOS 

-S#i3MOS h5>^^©SB2«fi|CSaft*iifb 

SgA J tB^ff^tSili$tvfc^2^'f y^-t, 
*^D, SglXf s»^-feOFFbfettJBTfSB2*-v^ 

-> * om^*m 3 m o s h ? > s?^ * t»« 

bTV^Sht{C^2MOS H5>y^*©SB2fMICW 

mzmt u v ?<ov *v bms-iy^-jimM^m i^r-v 

y^->^&»J-fe h b> buIB^p ^^©fte©^^;!/^^ 
50 ft 1 Oflto&BlttU »*fflU*T«!B4M 
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OS ^i/^^JONLTiZ+t^^SUt'V h- 

£!B 2 ^t^->^^6ItS k t&izm 2 =*r-wv>*© 
*^*«6ttf 5 d i: £13® i: 1" S Bft«ft£B. 

SffltS ftiwiaifl 3 M 0 S f- =? > ^X *© Y U << >«tf SJ 
I3SS 3 MO S h^>^**©ft^ffi!n;£/jK-rMOS h5 

*tlS#Iffl^©^5MOS b^VS^^tgEl^ftfcSg 

i 5©^TrftaHct3*©@tett&ig«o 

[WsfrH2 3] H^x'hU^xro^jzr^t:, -tcDJUC* 

fcy-bk^^SffiirCfllMO S hv>i> 

flBit&i 4: ft«r«i: i 6~m&m2 o©v^•r 

[^B^©P*ffl^l5iB^] 
[0 0 0 1] 

[0 0 0 2] 

CCDSSi:M0S3»C*S<#tte.ftS. CCDili* 
feSo -^M0SItt7^b^3r-h'©pn^8I 

ciibfeif^Mos h5>y^**abTitSf«s* 

[0 0 0 3] CCTn «©MOSfifrJ|^I©l 

OSh7>^^T 1©7— hkMOS h^>i?;**T 
2© Vfc&lKSftTVa. MOSh7>^^T 

i©v-7iiMo s h7>^^T3©KH' yizmm 

Sll, MOSb7>^^T3©V-^liiii*ffSV 
out'vgM^ftTt^S. *tMOSh7>^^Tlffl 
Kl/-f>{CttitMaEVDDAsgiAD$n, MOSh7>^ 
X* T 2 ©V-X £ 7 * V #4 V P D©7> — H 

ttifiifiSmvss#i?i;!j[]£ftTV'>3. MOSh7>^^ 
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T 2©^- Mclift^flff OES^SUD^tvTV^S. 
[0 0 0 4] 7* KPDC3fc36«^fcS4:» ft 

Sffi#3B£U fffltffliMOS h7>^T 1©>7 
dt\ MOSh7>^^T3© 
y-hDW7fl»V$:-|tTMOS h^>i?^^T 3 £ 
ONtSi:, MOS h^>i^^^T l©y— h©«?Sf(C 
it^JbfcS^MOS h7>^^T 1, T3£iioT 
tb^iS^lRVout^tB^ni. d©«f;?f;:bTAWft 

10 ^JJBb&fcfcMOS h^>^^^T3*OFF{CbTMO 
S b7>^^T2&ONt5Itt-MOS h ^ 
*T l©?-hftE&ttjgMbS-&SCktf-?£3. 
[0 0 0 5] 

oss©n<Wf^«tt#Bi*fc*^-r:7* h^-f 

Kt-^LMOS h?>^^©y— Mc*«tS*i&3tt 
u>s>#SK* £fcft^©£»/&7}^^X/jg7}#^£ 

tlfz$.£tii±lZtlX b*V\ bA^ffi^jfs^&'J^^b 
20 ^;i/T-feS©T% S/N#lg<:£&kbTiSffi«©}f& 
{g#£ » 5 C £ #t £ & V > £ V ^ -3 fc c 

[0 0 0 6] *^{±d©J:3^^{c^^$nfct)© 

© SWii S/N©&#&ffl^{i*§£f#§ C i: #T- £ %l 

wmmkw.*mm-?&zL£vitb&o scfferogswi^ 

[0 0 0 7] 

30 [iiM£8¥&-rsfe«>©^®!] ±iH©afl<j&^-rsfc 
tbm&m. i {c83ffi©^B^-c-(i> h^^v h >; ^^«tiE 

bTfcS-&5c©Ste«^S£:}3^T, »DiX#* ft 

•^gyn^i: ; nwajfc«*aun?©aa**ft»ttaa* 

Sk.ttflH|&2:&fil*.> d©illfPttSiCBu8BjttR%i^ 
©©lU^BEEtfBJinSft* h7>y7*i: ;-Sg*5ful3 
h^>i^*©£g2«ia>e>W7J«^£§l:h£*^v> 

* fc ; «na*+-'t^^©ffi*ft*(H-rs*«»k ; m« 
40 ^S. 

[0 0 0 8] ^©WCiSL *S^gltB7J{f^(i^ 
•5 ft St©£»J5E7>-*>itt/^i£© y-/Xli^+^->*t l»JR 

$n^*^ti5 0 fit, zti£>(Dmmf&fr j pnm$HD 
7 j x©»*snfc3te*as*a*«^ttMcii«STJi« 

**n^«:*S*i:«:oTlli**n*©^ fSSJg©& 
v^flMfce^kftS. c©*fi8t?H:JflWE»**c 

<t r> x mv6Ut&m<oy4 1- x ? z ^ > & < * * . 
so k#a#aii»»tte>nTv>s©Tf, .toiEaricsfSbfc 
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[0 0 0 9] ffif5RJH3(cia«-rs«i:-5£> ifti§§fctffll 
mfil i: ^ 2 SfiS i: fltj IB * -f ^ > * © tB * A 5 SiiD 2 ti 3 f&J 

^ > * CDS 2 ®fig£« b S HJAOT8CJMtSft& 

ft^ffii>ii:£^tr'&©T-;&oT'£)«fc^o ^ofl^ffijn; 
[ooio] fktsm,VLt vrm&m 6 cf3«rs ± o 

tiBfflb7>^^^©S2«fi|t^^nfcSl« 

$?:**©& i siistcsiiD^ nsa^«£E^ie^ffl h ^ > 
•^^©^2m«i{3g!iK$nsia8E®£E<t *) * t 

[0011] igflffl Ltpf+>^M 

lSfiHcWin$nSH8iE 

»*a9tgail-rsj;dfc, £iS3fi©'f *>e>/9T5£©*>© 

ill Otcga©©$gH£T-fcfc, ^ 1 *-w^*©tH;fr&3StH 
■*-3IHfc, &©«to*fT$»2©*-Wt5<'**»W-*c: 

2* + /V>*^©at4Mi s qJt64:&?K ftPi*iftC:$ft&-*- 

[0 0 12] ift&S 1 1 £ie«J©$PJ3ffci:, mi IB 
^^^©SSiEATjB&fc^-f y^£IS:W\ ^©X-f 
y 5=- &^Di9R T- H&fflflF b T ©*#B# N * fSJ — iz 

****ifc«a©«E»mu©*-f ^ >yififiztizm& 
m b r ft t: < m ^omm t v ^ o 1 * © t± £ b & v > « 

[0 0 13] *fc, ffi^fil 2 tg3«©^B^T-tt> ®^ 
£v h >J **#KKbT£3-&TO©Bft«&^»fc:fc 

It 7\* U y 3 ;i/ K ffl^T* Sjf^-r 5^1MOSh7>i; 
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H«lis2T-iW1-£gS2MOS ; 
2M0S ^>^**©S2mfiifc^£ftffeSg#iti?it 

ftT«*§i§i:bTttl#-!}--SS§3MOS h7>^^i: ; 
huIB * * ; v> * © flygB-^ C S 1 WMifi&ffi. z nm 2 S 

uwmmmE. izmmztix^z 1 1 1> ty- h ^ >j -tr * 

Mf^#A;fr£txfci: S O N bTiiufB*-wv>* ^loKB 
10 WJt'yht5^4M0Sb7>-^^i:;i3M 

os h^yi/z#<Dm2WMizmiwMifii£Wt.ztim2 
titzmfr&ismvm 5 mo sh7>^^t*e.^ 

[0 0 14] ^fflia&i^CiSi:, 7*h4rj*— 
KT*4bfeM«(i»lM0S b7>^^^T-*flS^ 

i:^?,,, c©SJE{C«toT^2MOS V^l/iSXfZm. 
bTdr^W>^*S32S^ns. «^*«»T bfcB#^T*S 
20 5MO S b^>VX*&ON£tl**/^><!?(DWEifim 

3mos h^>^^^T-Ji*g?nTm^i^^aS[m^ 

ftSo -e©^> S4MOS h^>i?^^©y— ht'J-tr 

S^^r ^ ^ fc J; ^ n 5 o 

[0015] 1 3 CfB«©3BHJ!T-tt, 

*v h U^x«tiaUT*:4zUfe7G©H(*««««t:* 

H©-*©«ffiC* 1 •ttfcy- ha^^^^n 

It 7*^ v i/3)V h-ffl^T-lfftSS lMOSh7>i^ 
30 X^i: ;y-h^lM0S h v >^X^©y- h tgg 
i^^ tilt 7*7x U S/ a ;u H«*T?iM1s-r 5i2MOSh 
7>i^X^i: ; -mifim2MOS h7>^^0f2t 

MOS l-7>Wi'fflilllt'J^9 h»E#-5-;Lf> 
tifei:t(:i2MOS h^^^^^Sr^bT'J-fe-^ b$ 
ft**-W*£'*4: ; H5IB^ri'>'^>^ffl-SSt'y-hA s ge 

i mmifimmmmzmmzn-zm m^t i^rm 

tBbffl©S5MOS ^^>>'7^^i:*>e)fiE■^TV^S. 
[0 0 16] C©«tfiKT'tt, Z-'r^stKDmfr^**^ 
i>-^Sff©^mbCCOUT{^ ±IBfS*«4©^i: 
P-tfeS* 5 , ^r-^y^>^©';-ir V h(COV>Ttt^2M 

os h7>^^©^ ltiici;*^ b»ffi^^.f>n 

^•■V^V>^©S?Sf* s S2MOS h-7>^^* 

a b t si a ^ n & z t tc «t -3 1 ^ n £ <, 

[0 0 17] W5RS1 4£HB«©£&HJ3-e«U iffl^ 

Sr^ h U *7*#£ffibT;&5-&^©@teif^tt£;fc 

so v>t^ ^mm* 5 , 7^- yyja—vt ■, husB7^- h-y-t 
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F©-#©wstc* 1 nmtf- hmm&mmzti 
M^ftsi i mm&mmmKizmffiz nit * -> a ^ 

K^ttftS^ 2 MO S h 7 >y^^ h 

2MOS h7>i?^^CDm2S«it^^tlflfaSS* s iam 

©-igfcy- h ft* 1 tt&tf ifi%ttEK:&tt$ 

g9ffl*+^^*©-iHt* 1 Wii#l&iK£ftJB 2 mUifi 
ONtS^4MOS h5>y^i: ;*3MOSh7> 

[0 0 18] £©«f£T-i£. t^0Nt5i4MOS h 

tns. *4mos h v>yx^©y— hweitipis 

* «E«£E ft H * - j" S C t A -a T *38Bffl ft ■» Tf S S C 
[0 0 19] 5fc:flBfB©»l!infHU SHR 

K©-S©«IC* 1 SHi:^- h*28* s «^;*ft 
Uff ajl/ P««T»^t4!B 1 MO S >J> 
; ^-htfllMOS 

L"r>3;H'Wfifft5i2M0S 

i: ; £i*&#M2mos y?>*j*#<d]*2w&}zi& 

S h5>S>;**4: ; -i$* s !g 6 M 0 S h5>5?;**©JB 
2m«i(c:^$nflfeiSA s BiSSfff3^^nBufB>'^ h 

pj*- KT?**ufc*««cat3<M^ft«7>-r** 

* 1 «ffi#i6*«EEfc«lR**vCi*II»i: l/T 4 

i3M0Sh7>^^i: ; H5f3*-w^*©iiuga— as 
t» l»B* l »ltt*n*2»ffi*«ifi«E«£Efc«lK**lT 

N LTmJ§3*-w^>* ftWWttJBt 'J -fe >;> * 4 M 

ft-7- h tt&#fT*ftflft£S;tt3 ftfctt*HJ Lffl©Sg 5 
MOS h9>^*tfre>J«»), *6M0Sb7>^ 

* ft 0 F F bt ffift* + rti'#<D9t&&#± bfettJBTJ 
liftiB*+^5'*fc***ft&«fflC«^<re^ft*3M 
OS h5>3»^^7fitMUTS8»a-r«t-5K:bTV^*. 

[0 0 2 0] C©«fi£-ettx ^:Bi^©^6MO Sb7> 
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s>>* * ft i5)B#^j®-r s c^tio T3zmm<Dm'&mm& 

[0 0 2 1] tl^S 1 6 fcK«t©*miT!Hu HrJf? 

v*t, yxb^jx-btimmyi-by-i 

3t— p©-£©tt&fcft 1 SfiSfc-y- h«Sfls»8K$n 

it 1/ y > a ;i/ K Ibft -f 3 % 1 M 0 S N 5 > 2> 

; y-htfilMOS h7>^**©'!f— 
i$ £ ft SB l ®Bitc ^ D y * #EM0 £ ft It ^ U >y > 3 ;u 
10 KWflrfmS2MOS h7V^fc ;-iSi#fg 
l*>f •vf§/hlti2M0S h7>^*©S2ti 

- h* T'ft£ Vfzftmm^&-3< fs-^ ft *7>-T S * * > V> 
; 4*— h#*8ffi*v/^*©-*K:8ei*&;h,SB IS 
ffi^»E*flElc8ltt*ftTliM»4: UTlWr*-** 3 M 
OS h7 >iS7s# h ; -Wi3MO Sf7>^^ffl 

mi 2 nfi^tfffl:ft&9iftc&fft3ftfeg 2 

X-f y^fcfr&j*!), * lTs-i y^ftONtt^LTilu 
f3*-W^>*^til2MOS b^Vv^^OtB^Sfttftflt 
20 !S&bTd^©*7}ftff&Vv iU-f y^ftOFF bfc 
tt^T-^2^-1' y^ftONLTHuia^-W^^Ofs^ft 
^3MOS h^>^^-Ci(J*l/TtH*M*l»^#m 

iU^^fSONttiClti2MOS 
h ^ > ^ 7s ? (D m 1 9M tc Sii □ ^ ft 3 iftSB ^ o y y © ' J 
■fef hfl;jE^P^C-^2MO S h^V^^^t^l^'T v 
ft » L T huI 3 * * ^ ^> * ©%3J(|Hb ft fr& 5 «t 5 Jfc o 

[0 0 2 2] C©«J5)cT-(±, ^^^>>^©^{b (U-fe 
\y H {idr-w^i/^fflS^f^ 1 ^-T ^^^^21^10 S 
30 h^>^^^ftiiUTS(«-r'5C:i:C<fct)fT'5:t)ft?)o 

[0 0 2 3] If^fll 7CB«0«IH , r!tt, iffl^ 

ftv h U ^^tt{cgau-C5:-5-ife7t;©Hmi^gt* 

v^t> sintf, y * Yt ; may i-br^ 

K©-*©«at* i mmty- vmmwf&mzti 

y-7Z\svi/3))sb' ffl&T- WsW tliSlMOSh7>y 

m$timiMMl£7nyy&ma£ti-y-y'7sl<y->3)V 
Ki«it-i#nf2MOS h7>^^i:; 

i^-r ff^iti2Mos h7>^^®f 2ti 

^i: ; y-h^HutB^^^^^O-igt^^ft^lft 

os h^>^^^i: ; -^wmm**;^>*<D--ffiizm 

A s A^^ftS^4M0S ; — *H*»J(S 3 M 

os h^>^x^©^2«ffi{cjgigi^ftfbJgAsm*{i^ 

^gi^^ftfe^2^'f ^^tiP^figt). iix-fyf 
ftOFF UTmilB^r^/'^>^©fI^ftm3MOS 
50 ^^^'7?^i♦sb■rtti^fI^«l^^t^iUTV^St;t^c^ 
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2M0S V?l'i?Z?(DfH2m&<DZB y^©'J-tr\y Y 
«£E»3R3£iiu§3Sg2MOS h 5 >^**©gi 2SSCN 
itSpn^glS'J-feybU buSB^d y*©ffe© 
^ SUSHIS £i!u IB p ng^i^clfcS^JPiiigS 
iiuIB**M«>*©{i^©^mbiistT&£S8 l^W 
>^ ^ $r 0 N ^ -a-T HufB p ng^$SCDS«[«^r £ itu 13* 

[0 0 2 4] *fe, tt&Sl 8fc«B«©#MI!TJtt, Bl* 

Kf«t-lffni2M0S h5>S>;**fc ; -^#35 
2M0S h^>5^**©SB2*ffilCfito£ftflh«j& t e8K 

taS^<ffi^**«-rs*l* + /^^4: ;-S«8i#Sf§l 
*+^*>*©— *lilfc:«Siarn&SS 1 *4 

- b 1 «ffi* s ifiai«£Elc:tttt3FnTit«« 

J:LTtfft5S3MOS b^>S>;**i: ; SB2*-w* 

i"*<D-m^m i «&&$ift£*iSB 2 ws^ifiissff c 

JSttgrfty— bC'J-fev bfl^sPAaSftS^MOS 

y^fcfr&Jfcik *U-f5»fftOFFttii:Ut»2 

m*fi*tt^ai*ffiUTV^i:Sfc» 1 *-W^>*T*& 
©*«•*»» U HufB^ttibSlT^s I4MOSF7 
>^X*£ONbTS6 2*-w^>*£U-fey b bfc&, 

[0 0 2 5] *fc, fflti&H 1 9 (cS3«ffl^WT-(i, Hit?? 
£v b U ^^ttfcffibTa:6-*7c©Hfls«ift«E«C*S 

K©— #ffl«ffifcSB 1 bttKtfftfftSft 

U y i/ a ;i/ HHR^i&#1-S SB lMOSh7>y 
^*fc;y-h*<ilMOS h7>^^®y-MCi 

ftSR l *ltc * p * * AJffiAp^ n-y- ^ 1/9^3 ;i/ 

K**T?IWf -T * » 2M0Sh7>^^fc; -Jg#Sg 
2M0S b7>^**©*2*ffiC»fc3ftflMB)b*iB«E 

^^^©—MtisissftfciBi 

•Y ^©^fc-WW^SftteflffammECftl*;* 

nfci2Jrt;^i: ; SB 2 *-wv>*©— h 
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tfM^ns i mmifimmm&^mm^tixmmmt b 

tifft5I3M0S h7>^^i:; — SgbftsSB 3 M 0 

s h7>iS7.*<Dm2mm£&Mtftimi%#tii±>m^f!& 
icmm£titc.m2X'( ssi*-w^>* 

V\ U-f f f SO F F l/Ti 2 + t;V>^® 

Si^£3-3<{f^£Sf§3M0S b^>S?;**T«MHbT 

aaiaa*fi^*^»*ai b-t v £ * csb i *-w^>* 

10 T-&©«7}£?T'5:5<fc?£'S:oTV'»3. 

[0 0 2 6] *&, m#m2 0{cg3«©f6B^ftt> B* 

tf- F©-*©«SUC» 1 ig^y- bttB#8Effi3ft 
■y- ^ y > 3 ;i/ K*«T?BM^-r •SSBlMOSbvVS' 
; ^-h^lMOS b v >^^^©y— btcjg 
^ £ ft SB l W& £ * n v * # ma £ tiy 77. v v i/ 3 ;i/ 
Kffl«T-t^tl.f 2MOS b^>S^*i; ; -ig#SB 

2 mo s h^>VA*<Dm2mmiztgffit!tim%i&mm 

20 BEECS^ftgiifB:?* b^W*- l*T?SS£l,&#««E 
l:t^<flfS«*nil++^^^J: ;-iSi#S81 
*+^»>4'ffl— J«t8BRSii&» 1 *-f v^i: ; SB 1 * 
-f v^©fll^fc-*^l**ft^#*«E«Efc»«S 
ftfcSS2*-W^*£; ; SB2*-V^S'^ffl— SBH-y— h 

©-«tc^ i wsifimtatim 2 sn^jt^mic^ 

^tl^— hfc'Jtv hSffi* s 93iD^tLSlg4MO S h-7 
>i>^^i: ; -ffi*s^3MOS h-5>^^^©^2SH 
30 ta^$nfteffiA s tB73{i^(c^^titlB2^^ y^- 
tfrbfS.*). m 1X4 '>fSOFF bfc«^-t-|g2^^ 

;v>*©{g^£!g3MO s y : 7yV7*?~em<m\sXWifr 

ttibT^^Si:^{C»2MOS h 5 >^**©g§ 2*«|{C 

ffliD^ns^a^^©'j-fe^ hfimi/^;uWP^tc|gl + 
-w^v-^S'J-fey h b> SulB^o ^^©ffe©u^;uM8F^ 

MO S b-5>v'X^S0NbT^2dr-V'>'V>^SiJ-b^ 

flf ft SB 2 dr v v ^ 9 'MS St 4 4: t. *• C SB 2 + ^ •> ^ 
40 ©*#*«!«■*-* £5 fc&oTV^S. 

[0 0 2 7] lf*«2 1 tCtB«©^^T-tt. 

II 1 2 ~M«Ja 2 0 ©V^ti^lcgB4B©B(4«lttSEBic 

niifBSg 3M0Sh7>^*fflKU'f >«"CfilffiSB 3 
MOS h7>y^*Oft»fiR*|jitMOS h7>^ 

[0 0 2 8] »*S2 2tE*©»IHTfttx 

ai 2~w^jbi 5©v^rft*icE«©BH*«tfa6«fc 

^5V^T^ H^v b 'J **©?ijc:£:tc, -e©j»Jlc-^StiS 
50 g-H^©lg5MO S h7>s>;**fi:igfft£*t&SB 
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[0 0 2 9] »SR«2 3 {CI3«©^B^T*J^ 

mi 6~i»*g2 o©v>-rn^(cfB*©H^a^g{c 

hfc£*-t3ffitn;fflM0S h 5 >S>** 
[0 0 3 0] 

mw&mmmm] kit, jwbbokwwrsii©* 
*M0^»*Hia*#!HU'ra!iiH-i-4. nii*»- 

ISaB^JBTf » *— *tc©M O S StSftttftSIE©— S© 

etja&ftW&Wt^bTV^. |B)0(Ci3V">-C> Gll~Gm 
nttffJUEB (^bU^^ES) £ftfciIi38£jpbTO 
So 2(iSifi^*[aK'r-fe!5, fT(7>f» 4-1, 4 
-2, • • 4 -n£JlJfc£*LTO <. 3 (±7jc¥* 
SlHliST** 6 Ul*M^li6- 1, 6-2, ■ 

C**U ±§3^>4-l, 4-2 • • •, 4-n^>(±J 
±;fl^6 - 1, 6-2 • ■ •, 6-m, Sigv-OS 

[0 0 3 1] ttJ*e^*6- 1, 6-2, • • •, 6- 
mri:l:n^>^l'©M0Sl>7>^i'Ql, Q2 

&m7fs<Dim< im.-r^>m\^hfix\^o mos h^>^ 

tttB7j©**6 - 1 (cSEMSfu V— *tt*»E«EEVS 

S' ©^-f >8 t^fttV^. MOSh7> 
S>**Q2©Fl/-f >ttlB2J©W6- lfc»«5Sli, 

tHIEg 3 fcgBl&S tit V> 3 o 
[0 0 3 2] Bj»Gll~GmnCfci:, t»t5<t5C 

m7J-rSti*affl©^3MOS h5>S>**T 3#Rf*& 
ftT^S. ^-©tilafflOMOS h7>^^^T3h±I2 

mo s h5>s?;**Q i tommmmzmz (a) ©«t 

-5 t&s. ;;t-, M0Sh7>^^Ql©v-^t 

sass^nsjaaEWEvss* sb3mos 

>tSBK*n4ifi«E«ffVDD' h©Hffitt 
VDD' >VSS' TfctK fi8t«EVSS* ttffljltt^V 
K«BE (SHfe) T-feSo <r©H]S&flfJ?S;tt±l8©MOS b 

s h^>^**Q i©y— hcttitftWE^iinfifaiins 

ft-S, iCfcftTSOMO S h 7 Q 1 ttj&Hii: 

^fflST-i&t), 12 2 (a) ©Hg&ttV—JX 7* Delicti 
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♦HDg&fc&oTl^S. £©«-&, MOSh7>W*T 
3 Jill til ;b;*ii3©a:«S£T?feS £#;LT<fcV->, 
[0 0 3 3] MOS h7>^^Q 2tt*¥^*leI8S3 

ftSfi-T* J:5K#SOBB*©li*rtK:tt^'f v^ffl©* 
5MOS b7>^^*)^lte>tlt^5. ;©$5MO 
Sh7>y^*T5^J6TSbn, 02 (a) ©0 
^ttiES6^ttE|2 (b) ©efc^f-fc-S. IP*>, S5MO 
S h7>y^*#MOS h5>^*Q lti3MOS 

io n^>^^^t 3 ^©p^ic^f a^jx-c^s. ^ct*, m 

5M0Sh7>^^T5 mr <DMlR&fi 5 4> ©T-ifc 
t>, t^>S^*Q 2{±9iJ©jIlR£fi : 5fe©t-feS. * 
*\ Hl*«tVia2t:*-i-«i«t±ttTfcKWJ-**m 
JIB»MI~SB9ldBK*K:»a©«lJ«T?**. ^Wl 
T«, H2©J:at:«j«-r4^4:CJ:5M^©y-f >* 

[0 0 3 4] fie^T, IBSH**^ t-^ v*U>S>jfc*© 

&»K3fc*atft>«s*abTv^4J:da»'&tt» ^©* 

20 &{I^£tf*@;**x3;fc«), ^©ff^manE& (H^tf 

r) •eciDfli^aBtJSii. tt*iiHiss©ftigfffiinigi5 
xfaizwiw$titzmm<Dmm#mM£tizt)iijm^n6 

-1, 6-2, • • •, 6 -mZtfcmfZZtlZ*. 
5, A^ffi#C©&£&MT-£, *«#7^ 7±T-ig*BlH] 

[0 0 3 5] WT, &HMH&ffi&BJRffi7>© i IRj&£>i*U 

TlftB^-rSo (ft, Jii.T©&HfiEB®T-tt, I^S13M 

os h5>y^^T a-cifjwbTta^efMs^w-r* 

30 B\ §&BJ§LTO£#, IE*fcB3B3MOS 

T3fc±»©ftfflfffilfyB©MOS h5>i^^^Q 1 iKD 

t <*. o t tf n-r s t) © r- s t &mffi $ ti s 

©*J«*wUTailW1-*. 

[0 0 3 6] <S81Slfl0BJ»> H3C*V^T, pn7* 

So ^©7j|-h^t-FPDffl7/'-mSl©MO 
40 S h7>^*T lCFU-r >b*f— StP^2©M 

05 Y^ltyxpT 2©0 , T-h£SH»;£ftT^S. ^2 
©MOS h7>^^T2fflV-7lii3CM0S h7 
>y^T3©y-h, MS4©M0Sh7>^^ 
T40Hl/-f>CUISn, S3©M0Sh7>^^ 
T3©V-7li^5©M0S h7>^^T5©Fl/^ 
>^Cgci^^^^TV^S. S5©M0Sb7>^^T5© 
V— ^ttffi^jfs^Vout (d©Vouttt0 1©6 - 1, 
6-2, • • •, 6-mtCfcflS-ra) ^Mi^^ixTV> 

6 o 

50 [0 0 3 7] pn7^-h^t-HPDc?)*V- 
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Kfc»2©MOS h7>^^T2CDFl/^fX StfMI 
3CDMOS T 3© KH' V 

DD#Win;*ft3<fcdfc:&oTV , >£. — ^1©M0S 
h7>^^T 1©V — ^{Ctt*^«BEVss^ SB 2© 
MO S h7>i?7*T 2fflV-7t:li^+^i'*CS^ 
bTHl:<ifii6«£EV8S*«B13!inSnT*t), 14CM0 
S h7>^T 4©V— ^fcUijSSStSffiVHStfSlAn;* 
tlt^S. ^1, S2©MOSh7>^^Tl, T2 

Tti t> it ^ u- v > a )v y ffimr-mtt-r s «t a c m 

-CT'^ftT^-So 10 

u iiMosb7>^^Ti©y-h 

&&&Lfcfih|Jp?©S^#Mtt£:Jx£o CC^5M 
OS |> -5 T 5 CDy— b^/Vl/^OV<fe#^T, 

ISM OS N5>^;*#T5£ONfc:-r£t^-W^>*C 
^**$nfe«fiffcJt«b 3s ^5MOSh 
7>^^T3s T5SID, aiTafl^-iSVout^tJB 20 

t«f 5MOS h7>^*T5*0FFI:LTi4M 
OS b7>^^T4^0Nt5Ci:T + + /V>^Cfi 
^3 MOS h5>i?X^T3©y-hSffi^1SU^b^ 

[0039] <m2^mmm> m4iZ7rs-t^oizm2n 
mm-mr-it. ®2mos h-^v^^^T 2©Ku-r >t 

3MOS Y7>VX#T3<DV—YWR.-*:V-bv h (10 30 

Wft) u **uc«fco-riMMos 

**T4SBUI»U&«JE8fc&oT^S. *©flbffl*J«tt 
IBlldfi^ffi (MS) 4:RI-TJ*«. ^O^OD 

h7>^^T2MbTS!iSn, 3r-W^>*C©S 
JE&tfsgSMOS h7>^^T3®y- MiB&^ny 
^<DD©o — U^I/SEEK&S (U-fevh) o d©^2 
SOIBBfflrtJ tt, |4MOSh7>^^T4 S««TJ # 
5^, m$Li*i<'>7')\<K.t£.Z>o 40 

[0 0 4 0] <SB3HSKfJfl> i5tfst.fco^ Sg3 

mmftmit, mimmnm (E3) Mti2Mosh 

7>^^T2 fc*-wv>* C £©ia£ n^-f >*;i>S 
(5I6M0S h5>^X^T6^^'T^7 t i:b-rjfAU 
fe^^^t^^TV^. C©i6MOSF7>^7^ 
T6©Hl/>f>lii2MOS h7>^^T2©V-^ 

A^fl"<;K:bti6M0Sh7>^i'T640Nl 50 
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fetter- **>^* cv>mfrmwi*fttiit>n %o 

8S«£EOint£d — l/^!cbTii6MOS 
^^T6SOFFtLfcp-C, f5MOSh7>^ 
^T5^0NU ff§3, S5MO S h7>^^T 3, 
T 5 ^ilbTm^fa^Vout-N^a7-tB-r 0 

[0041] m^vta-m i^mt. i5Mosh7>^ 

^T5&OFFCU ioi6M0Sh7>-^i'T6 
S0FFCbfettit-i4MOS h^>i>X*T4£0 
N$#-6^i:Cct-5T*-V>'^>^C>a0 t ^3M0S h7 
>^^T3©^-MEffl'Jt^h («J#Hb) £fT& 
•5„ lA^t, S§6M0S h^>i?X*T 6&ONUT 

fcfc, -&^£E@2ftfc:£T©lIifSI©SS6M0S 

3h£T©iSj{S#|B]B#2iiJ, |a]B#S^{t«7>^nfe«^f& 

[0 0 4 2] <»4£M0&»> H6fcjjVrj;3K:, !M 
mgffittSB 1 Hm&ffi (0 3) £*fLT, ^4 MOS 
h7>2^*T 4 £«B§-r£ i2MOSb7 
>>>;*#T 2© Kb-f >{C^D«>'^<I)DS:4-^S«fcdtC 
U M^f©^2MOSf7>^^©V-^i:^tM 
->^CF^tCl6MOS f-7>^^T6i&^^ 
rjfXLfcja#«3lUT*!), -e©ffe©«J5£<ilB|— T*fe 
So ^6 MOS h7>^^T6lib-l/^ >#Sg2MO 
S h7>^T 2©V— xtcS^M^ns V— 

[0 0 4 3] 7 * b ^ K P D C)ti«afc4 fc*t 
MOSh7>^^Tl®y-M:ti, M 
OS h^>^X*©1t:/Xl'^>3;i/K£M4£<k*)> hu 

,$nt1--<T©ilJ^©§|6MOS h7>^T6©y 
-htlSJBfgiJ, |5]B$F^e(tON^-B-S^;VX$:#^.5i: 

■sr© -v ^ 9 c £ ti-e-n^-r s 3 i: #t- 5 s „ 

[0 0 4 4] ^tf5M0Sh7>^^T5ffl^-h 
{CV^l/XG V£#£, i5MOSh7>-^^T5SO 
Ntt§J:i3MOS h7>^i'T3©y-h'Nfi 

^nfcs?^f (c:©«ffitt*-w*5/*c©*ffi«fctK#u 

T^£) {chb^JbfeSifit^S, I4MOSh7>-^ 
^T3, T4£il!)> {f^ffl7jSgVouWgffi£*"l3. 
c©£5£bTA«ftS©#t&ffi£J£#JLfc{i^£S^ 
tUt-ttft-lS. Ifl*HiLilii5MOSh7> 
^T5^0FFCU i6M0Sh7>^T6 
SONfclti2MOS h7>^^T2©KUr/l: 
*-WV>* C©WSB<b©fc«)©^n >y^$DS^5; 
tt-*+-'t->^CM^3MOS h7>^^T3©y 
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- h MEE *®m<t£ * 3 d h &T- £ h o 

[0 0 4 5] <ft 5 HJSffMI) K7t^-r«t-5tCs ff§5 
9dl^!Bttft3Sgii0&B (05) fc**U I2MOSh 
7>i?^^T 2 CD >t^D-^9)D^5J:o 
£ LT^£j&#±(CffliSU'r^3o ft, Cstt^2MO 
S h^lsVXfT 2©V — * (ft6MOSb^>S>X* 
T6©KW>) {cH^-r5pn^-&^gf$)€). 

[0 0 4 6] HuSBS^fiC s ttEI 2 3 C^-r<t 

■5£, nS^ifrSS 1 0 0 tMbtP ->x;H 1 0 
ltg2MOSh7>i;7i'T2(Z)y-^10 2i: 10 
©HgfCffM£*l3. fe«U C©V-^ffl^l o 2&m 

6mos h7>^^T6©Kn , >ffl«i o 5tmm 

CftoT^S. 02 3H*V^T> 1 0 3 fctffl 2 MO S h 
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